Land use change is one of the most important anthropogenic drivers of biodiversity loss. 19
potentially compromising gene flow and genetic diversity. We focused on a tripartite 23 mutualistic system composed of a mistletoe (Tristerix corymbosus), its pollinator 24 (Sephanoides sephaniodes) and its seed disperser (Dromiciops gliroides) to assess changes 25 on their ecological and evolutionary dynamics as a result of habitat transformation. We 26 used eight microsatellite markers to compare genetic diversity, relatedness and gene flow 27 among five mistletoe groups inhabiting native and transformed habitats (abandoned 28
Eucalyptus globulus plantations). We found that these groups were genetically structured, 29 with greater allelic richness and genetic diversity in their native habitat. Also, we found 30 higher relatedness among mistletoe individuals in transformed habitats, which varied as a 31 function of the geographic distance among plants, probably as a result of larger resource 32 availability, which influenced mutualist visitation rates. We did not find differences in the 33 current migration patterns, which suggests that Tristerix corymbosus may be resilient to 34 habitat transformation, yet its highly specialized interactions along with changes in its 35 spatial configuration depict a more complex scenario, which probably impose a cost in 36 terms of lower genetic diversity and increased relatedness that might compromise its long-37 term viability. . Therefore, assessing the 50 effects of anthropogenic disturbance on natural ecosystems, using field methods and 51 molecular markers, will also provide insight into their long-term consequences (Carpenter,  52 2002; Melo et al., 2013) . 53
One type of habitat transformation considers the total or partial replacement of the 54 native vegetation by a single or multiple exotic species (Fontúrbel et al., 2015) , usually for 55 commercial purposes (e.g., the establishment of Pinus spp. or Eucalyptus spp. plantations). 56
According to FAO, 264 million ha were covered by exotic forest plantations around the 57 world by 2015 (http://www.fao.org/forestry/fra). Unlike fragmented habitats, transformed 58 habitats usually lack spatial discontinuities, resulting in habitat mosaics of native and 59 transformed stands at the landscape level (Salazar and Fontúrbel, 2016 to determine the number of spatially explicit population clusters, run 10 times using 174 correlated allele frequency model without spatial uncertainty in the locations (as 175 recommended for plants, given that they are sessile organisms), with 500 000 iterations and 176 thinning set at 500. 177
We estimated the number of alleles (NA), allelic richness (AR) and genetic diversity 178 (GD) for each population using GENETIX and FSTAT 2.9.32 (Goudet, 1995) , 179 respectively. We tested for differences in these parameters among populations from native 180 and transformed habitats using a Wilcoxon signed rank test in R. We used the random 181 mating model option and a critical allele frequency value of 0.05 (alleles with frequency 182 9 0.05 were excluded). Then we used the BOTTLENECK 1.2.02 (Cornuet and Luikart, 183 1996) to determine if the assessed populations had undergone a recent bottleneck episode. 184
A two-phase mutation model was applied with a 70 % stepwise mutation, and we assessed 185 the significance using its prescribed Wilcoxon test. 186
187

Relatedness and its relationship with distance 188
To ensure that the sampled individuals represented a random subset of the 189 population, we estimated relatedness according to Queller and Goodnight (1989) by an association index (Xp) that ranges between 1 (complete association; e.g., where there 250 are more flowers we register more hummingbird visits) and -1 (complete dissociation; e.g., 251
where there are more fruits we register less marsupial visits), values not significantly 252 different from zero indicate spatial independence. SADIE analysis used SADIEShell 2.0 253 (Conrad, 2001). We conducted separate analyses for the March, August, November and 254 12 January datasets. As we performed multiple comparisons, P-values were internally adjusted 255 using a sequential Bonferroni adjustment. 256
RESULTS 258
Descriptive statistics and population structure 259
We were only able to retain 104 of 123 samples for the analysis, due to inconsistent 260 genotype quality for 19 individuals. We used eight out of the ten microsatellite markers 261 available, as the locus TRIS_80 showed evidence of null alleles in the five groups, while 262 the locus TRIS_84 showed consistent deviations from the HWE at all sites. A summary of 263 the characteristics of these loci is shown in Table S1 (available online as Supplementary 264 Information). Overall allele sampling effectiveness was 86.6%, ranging between 81.4 and 265
92.1% among sampling sites. 266
The global FST in the VCR was 0.108 (P < 0.001), while pairwise analysis suggested 267 that each sampling site comprised a separate genetic group, as FST values showed 268 significant differences among all pairwise comparisons (P < 0.005) with values ranging 269 from 0.071 to 0.132 (Table 1) . STRUCTURE also showed a maximum likelihood value at 270 K = 5 (Fig. S1 ), assigning 99% of individuals to their correct sampling site (Table S2) . 271
Similarly, GENELAND showed evidence of five populations in 100% of the 10 runs (Fig.  272 2a -2f), assigning 97.1% of the individuals to their sampling site (Table S3 ). However, the 273
Mantel test showed no evidence of a relationship between FST and geographic distance 274 among populations (r = -0.051, P = 0.649). Thus, the three different methods used 275 consistently inferred five mistletoe populations in the VCR. Thus, the genetic structure 276 retained for subsequent analyses considered the presence of five populations: T1, T2, T3, 277 N1, N2, which matched our sampling sites. The difference in NA was marginally significant between native and transformed 280 habitats (Wilcoxon signed rank test, V = 14, P = 0.053). Also, we found significant 281 differences between native and transformed habitats for AR (V = 19, P = 0.047) and GD (V 282 = 35, P = 0.008), in both cases transformed habitats showed lower values than native 283 habitats (Table S4 , Fig. S2 ; Table S5 ). For the bottleneck analysis, only one population 284
show evidence for a recent bottleneck event (N1; P = 0.004). 285
286
Relatedness and its relationship with distance 287
Individuals at all sampling sites were on average unrelated (global rxy = -0.014, P = 288 0.190; Table S6 ). However, we found a significant difference between habitats 289 showing that as distances among plants decrease, their relatedness values increase. This 297 relationship was confirmed by correlating genetic and geographic distances, which showed 298 significant RV correlation coefficients at both habitats (native: RVcoef = 0.357, P < 0.001; 299 transformed: RVcoef = 0.225, P < 0.011). Further, we found positive and significant spatial 300 genetic autocorrelation at 1,000, 3,000 and 4,000 m for the native habitat, whereas at the 301 transformed habitat we only found positive significant autocorrelation at 250 m, which 302 14 suggests that gene flow at the transformed habitat is more spatially limited than at the 303 native habitat (Fig. 3) . 304 <Figure 3 about here> 305
Gene flow 306
While gene flow estimates were higher for transformed habitat (Fig. 4) , we found 307 that the total immigration rate for native and transformed populations was not significantly 308 different (F = 0.17, P = 0.800). Gene flow among populations ranged between 1.5 and 309
18.5%, being most of the recruitment (73 to 92%) originated in the same population. 310
Populations from the transformed habitat had the greatest contribution to other populations, 311 whereas the native habitat populations had the least contribution (Table S8) . Table S7 ). 332
DISCUSSION 334
We found striking population structure for Tristerix corymbosus inhabiting the VCR 335 and mistletoe populations in transformed habitats showed lower genetic diversity and 336 higher relatedness than the mistletoe populations in native habitats. However, we did not 337 find differences in the immigration rates of transformed and native habitat populations. It is 338 possible that recent changes in gene flow can result in an overestimation of migration rates 339 (Samarasin et al., 2017) , and here this implies that current gene flow among mistletoe 340 populations could be even lower than our estimates infer, which were below 5% in most 341 cases. 342 Furthermore, habitat transformation was also found to alter resource availability and 343 diversity, influencing pollinator and seed disperser visitation rates and at critical points of 344 is mostly below 5% (with the exception of T3 to T2 with a rate of 18.5% and T1 to N2 with 363 a rate of 8.8%), which is likely to be the main cause of the high level of population 364 structure found along the study area. We consistently found five highly differentiated 365 groups, matching our sampling sites -with very few individuals left unsampled in the VCR 366 (not shown). 
